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Supplementary Table 1 - Demographic and clinical characteristics for individuals in the 
UK Biobank VTE GWAS analysis 
 

   VTE Cases VTE Controls 
N Individuals 14,222 372,102 

Age ± SD, years 60.3 ± 7.1 57.3 ± 7.9 
Male, n (%) 6,374 (44.8%) 172,438 (46.3%) 

Former Smoker, n (%) 5,517 (38.8%) 130,965 (35.2%) 
Current Smoker, n (%) 1,767 (12.4%) 37,878 (10.2%) 

Hypertension, n (%) 6,441 (45.3%) 119,426 (32.1%) 
 Diabetes, n (%) 1,436 (10.1%) 16,519 (4.4%) 

Hyperlipidemia, n (%) 3,778 (26.6%) 63,964 (17.2%) 
Body-Mass Index ± SD, kg/m2 29.0 ± 5.5 27.3 ± 4.7 
Variants Included in Analysis 13,599,453 

 
Abbreviations: GWAS, Genome-wide Association Study; SD, Standard Deviation; VTE, 
Venous Thromboembolism  
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Supplementary Table 2 - Demographic and clinical characteristics for veterans in the 
MVP VTE GWAS analysis 
 

  White  Black Hispanic 

  VTE 
Cases 

VTE 
Controls 

VTE 
Cases 

VTE 
Controls 

VTE 
Cases 

VTE 
Controls 

N Veterans 8,929 181,337 2,261 49,400 654 21,214 

Age ± SD, years 71.0 ± 
11.3 

68.0 ± 
12.8 

66.1 ± 
11.5 

61.5 ± 
11.6 

66.8 ± 
13.0 

60.5 ± 
14.7 

Male, n (%) 8,490 
(95.0%) 

168,161 
(92.7%) 

2,402 
(91.6%) 

42,722 
(86.5%) 

613 
(93.7%) 

19,258 
(90.8%) 

Current Smoker, n (%) 1,697 
(19.0%) 

32,814 
(18.1%) 

680 
(25.9%) 

13,505 
(27.3%) 

77 
(11.8%) 

3,399 
(16.0%) 

Former Smoker, n (%) 5,122 
(57.4%) 

98,706 
(54.4%) 

1,244 
(47.5%) 

21,217 
(42.9%) 

398 
(60.9%) 

10,317 
(48.6%) 

Diabetes, n (%) 3,742 
(41.9%) 

62,283 
(34.3%) 

1,387 
(52.9%) 

20,857 
(42.2%) 

342 
(52.3%) 

8,431 
(39.7%) 

Hyperlipidemia, n (%) 3,812 
(42.7%) 

80,417 
(44.3%) 

1,057 
(40.3%) 

19,515 
(39.5%) 

291 
(44.5%) 

8,118 
(38.3%) 

Body-Mass Index ± 
SD, kg/m2 31.5 ± 6.7 30.3 ± 5.9 31.3 ± 7.0 30.5 ± 6.2 32.2 ± 7.0 30.8 ± 5.8 

Variants Included in 
Analysis 19,972,400 31,960,759 28,192,968 

 
Abbreviations: GWAS, Genome-wide Association Study; MVP, Million Veteran 
Program; SD, Standard Deviation; VTE, Venous Thromboembolism  
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Supplementary Note 
 
1. Supplementary Results 
 

Of the 22 novel loci, 6 contained at least one gene implicated in the coagulation 
cascade or platelet function (Supplementary Table 5). Three previously reported 
suggestive (5.0x10-8 < P < 0.05) VTE associations at the GP64, STXBP55, and VWF5 loci 
were now observed at genome-wide significance. Across all 33 VTE loci (11 known and 
22 novel), 31 were directionally consistent across whites, blacks, and Hispanics in MVP 
and 22 demonstrated at least nominal significance (P < 0.05) in blacks and 7 in Hispanics 
(Supplementary Table 13). 2 known and 4 novel VTE loci demonstrated moderate 
heterogeneity across the three ethnicities (50% < heterogeneity I2 < 75%), but remained 
below our pre-specified heterogeneity threshold of 75%. In addition, we found no 
evidence of association for 3 African specific variants previously reported in an analysis 
of 393 African ancestry VTE cases that lacked independent replication6 (Supplementary 
Table 14).  In a conditional analysis using combined summary statistics from MVP 
Europeans and UK Biobank, we identified an additional 15 independent VTE variants 
across the 33 loci (Supplementary Table 15).  

Understanding the full spectrum of phenotypic consequences of a given variant 
may reveal the mechanism by which a variant or gene leads to disease. Termed a 
phenome-wide association study (PheWAS), this approach examines the association of a 
risk variant across a range of phenotypes7,8. Using a median of 63 distinct EHR-derived 
ICD-9/10 diagnosis codes per participant and available clinical laboratory data, we tested 
each of the 30 autosomal VTE lead risk variants across 1,249 disease phenotypes, 
symptoms, injuries, and 4 continuous cardiometabolic traits. We found that several of the 
VTE risk variants demonstrated a range of pleiotropy (Supplementary Table 16). For 
example, rs2074492 near HLA-C, was associated with multiple autoimmune diseases 
including an increased risk for celiac disease, a disorder previously associated with a 
greater risk of developing VTE9. Interestingly, 4 of the VTE risk loci demonstrated 
known associations with LDL cholesterol10-12 (MYRF, HLA-C, ABO, and SLC44A2), and 
2 with HDL (high-density lipoprotein) cholesterol/triglycerides10,11 (MYRF, PEPD). In 
total, we identified 142 statistically significant (P < 1.1 x10-6) PheWAS associations 
across the 30 genetic variants. Results of a PheWAS of the PRSVTE in MVP are also 
shown in Supplementary Table 16. 

Next, we sought to better understand how DNA sequence variants might differ in 
their contribution to vascular disease risk in the arterial and venous territories. Analysis 
of shared heritability provides a mechanism to better understand the relationship of 
common variant risk across phenotypes3,13. Using linkage disequilibrium score 
regression3, we examined the genetic correlation between VTE and i) coronary artery 
disease (CAD), ii) peripheral artery disease (PAD), and iii) large artery stroke (LAS). We 
used summary statistics from the European UK Biobank VTE analysis, data from a 
European MVP release 2.1 PAD analysis14, summary data of 60,801 CAD cases and 
123,504 controls from the CARDIoGRAMplusC4D consortium15, and 6,688 LAS cases 
and 454,450 controls from the 2018 MEGASTROKE analysis16. We noted a stronger 
positive correlation between VTE and PAD (rg = 0.47, P = 2.0x10-15) than for VTE and 
CAD (rg = 0.27, P = 1.2x10-7) or VTE and LAS (rg = 0.35, P = 0.02, Supplementary 
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Fig. 7), suggesting that common variant risk links thrombotic complications across 
venous and arterial beds, but more greatly with peripheral vasculature. In a sensitivity 
analysis, the correlation between VTE and myocardial infarction (MI) was similar in 
direction and magnitude as that for VTE-CAD (VTE-MI rg = 0.29, P = 2.2x10-7). 
Association results for the 30 autosomal genome-wide lead VTE risk variants for PAD, 
CAD, and LAS in the MVP, CARDIoGRAMplusC4D, and MEGASTROKE analyses, 
respectively, are shown in Supplementary Table 17. 

We then examined whether the identified VTE risk variants were associated with 
changes in protein concentrations in circulating plasma and queried recently published 
protein quantitative trait loci (pQTL) data derived from the plasma samples of 3,301 
participants of the INTERVAL study2,17. We observed 102 pQTL associations in human 
plasma at genome-wide significance (P < 5x10-8, Supplementary Table 18) including 5 
VTE lead variant-protein associations directly related to the coagulation cascade 
(Supplementary Table 19). VTE risk alleles were associated with decreased 
concentration of tissue factor pathway inhibitor (TFPI), and increased concentrations of 
plasminogen activator-inhibitor 1 (PAI-1), Factor VIII (F8), Factor X (F10) and its active 
form, Factor Xa. In each case, the VTE risk allele was associated with changes in protein 
concentration resulting in a pro-coagulant effect on the coagulation cascade. 

We then attempted to identify causal VTE variants through a fine-mapping 
analysis leveraging our multi-ethnic summary statistics and the MR-MEGA software18. 
After excluding chromosome X and the major histocompatibility complex because of the 
complex LD structures across the regions, we constructed credible sets for 29 VTE loci 
that in aggregate account for ≥99% of the posterior probability of driving the VTE 
association based on the UK Biobank and trans-ethnic MVP summary statistics. At 12 
VTE signals, the credible set included 6 or fewer VTE associated variants 
(Supplementary Table 20). These credible sets included the known causal F5 Leiden19 
and F2 G20210A20 variants, and also included 4 variants at the ZFPM2 locus - all of 
which were genome-wide trans-pQTL associations with PAI-1 (Supplementary Table 
9).  

For our VTE PRS analysis, we provide MVP release 3.0 results stratified by sex 
in Supplementary Table 21, and results of the incident event analysis in WHI stratified 
by WHI sub-study as well as by hormone replacement therapy use are shown in 
Supplementary Tables 22-23.  

Lastly, in MVP we performed a manual chart review of 50 VTE cases and 50 
controls, which demonstrated that our phenotyping algorithm had a positive predictive 
value of 96% (95% CI = 85.1-99.3%), and negative predictive value of 100% (95% CI = 
91.1-100%). 

 
 
 
2. Supplementary Methods 
 
Cohort Descriptions 
The design of the Million Veteran Program (MVP) was previously described21. In brief, 
individuals aged 19 to >100 years have been recruited from more than 50 VA Medical 
Centers nationwide since 2011. Each veteran’s electronic health record (EHR) data are 
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being integrated into the MVP biorepository, including inpatient International 
Classification of Diseases (ICD-9/10) diagnosis codes, Current Procedural Terminology 
(CPT) procedure codes, clinical laboratory measurements, and reports of diagnostic 
imaging modalities. MVP received ethical and study protocol approval by the VA Central 
Institutional Review Board and informed consent was obtained from all participants. 
 In UK Biobank, individuals aged 45 to 69 years old were recruited from across 
the United Kingdom for participation22. At enrollment, a trained healthcare provider 
ascertained participants’ medical histories through verbal interview. In addition, 
participants’ EHR including inpatient ICD-9/10 diagnosis codes and Office of Population 
and Censuses Surveys (OPCS-4) procedure codes, were integrated into UK Biobank. 
Informed consent was obtained for all participants, and UK Biobank received ethical 
approval from the Research Ethics Committee (reference number 11/NW/0382). Our 
study was approved by a local Institutional Review Board at Partners Healthcare 
(protocol 2013P001840). 

We also examined incident VTE data from the Women’s Health Initiative (WHI) 
randomized clinical trial of Hormone Therapy (HT) for our PRS analysis. The overall 
design of the WHI study has been described previously23. In brief, at the inception of the 
WHI study (1993-1998), 161,808 postmenopausal women between the ages of 50 and 79 
years were eligible for inclusion in multiple clinical trials. Exclusion criteria related to the 
presence of medical conditions predisposing to shortened survival or safety concerns. The 
protocol and consent forms were approved at each site by institutional review committees 
and all participants provided written informed consent. The WHI-HT initially comprised 
27,347 postmenopausal women who were randomized to receive either estrogen plus 
progestin or estrogen alone versus placebo until the trials were stopped early in July 2002 
and March 2004, respectively. All WHI-HT participants subsequently continued to be 
followed without intervention until close-out. Of the various components of WHI, VTE 
was adjudicated by physician adjudicators for participants who were enrolled in the HT 
trials. The WHI-HT trial was approved by the local institutional review board at the Fred 
Hutchinson Cancer Research Center. 

 
Quality Control Analysis 
In MVP, we excluded: duplicate samples, samples with more heterozygosity than 
expected, an excess (>2.5%) of missing genotype calls, or discordance between 
genetically inferred sex and phenotypic gender. In addition, one individual from each pair 
of related individuals (as measured by the KING24 software) were removed. Veterans 
were then divided into three mutually exclusive ethnic groups based on self-identified 
race/ethnicity and admixture analysis using the ADMIXTURE v1.3 software25: 1) non-
Hispanic whites (self-identified as “non-Hispanic,” “white,” and > 80% genetic European 
ancestry), 2) non-Hispanic blacks (self-identified as “non-Hispanic,”  “black,” and > 50% 
genetic African ancestry), and 3) Hispanics (self-identified only). In total, 312,571 white, 
black, and Hispanic MVP participants passed our sample-level quality control. Prior to 
imputation, variants that were poorly called or that deviated from their expected allele 
frequency based on reference data from the 1000 Genomes Project26 were excluded. 
After pre-phasing using EAGLE27 v2, genotypes from the 1000 Genomes Project26 phase 
3, version 5 reference panel were imputed into Million Veteran Program (MVP) 



	  

	   6	  

participants via Minimac3 software28. Ethnicity-specific principal component analysis 
was performed using the EIGENSOFT software29.  

Following imputation, variant level quality control was performed using the 
EasyQC R package30 (www.R-project.org), and exclusion metrics included: ancestry 
specific Hardy-Weinberg equilibrium31 P <1x10-20, posterior call probability < 0.9, 
imputation quality <0.3, minor allele frequency (MAF) < 0.003, call rate < 97.5% for 
common variants (MAF > 1%), and call rate < 99% for rare variants (MAF < 1%). 
Variants were also excluded if they deviated > 10% from their expected allele frequency 
based on reference data from the 1000 Genomes Project26.  

In UK Biobank, approximately 500,000 individuals were genotyped and 
subsequently imputed to the haplotype reference consortium (HRC) and UK10K 
reference panels. Details of these procedures are described elsewhere32. We performed 
genome-wide association testing for VTE in the UK Biobank using all variants in the v3 
release with minor allele frequency greater than 0.3% and imputation quality INFO > 0.4. 
To avoid potential population stratification, only European-ancestry samples were 
included in the analysis. This subset was selected based on self-reported white ethnicity 
that was subsequently confirmed using genetic principal components analysis. Outliers 
within the self-reported white samples in the first 6 principal components of ancestry 
were detected and subsequently removed using the R package aberrant33. In addition, 
individuals with sex chromosome aneuploidy (neither XX or XY), discordant self-
reported and genetic sex, or excessive heterozygosity or missingness, as defined centrally 
by the UK Biobank were removed. Finally, one individual from each pair of second-
degree or closer relatives (kinship > 0.0884) was removed, selectively retaining VTE 
cases when possible. 
 
VTE Phenotype and Manual Chart Review 
Manual chart review was performed by two blinded trained clinician chart abstractors 
with a vascular surgeon reviewing discordant cases; the results of chart review for 50 
cases and 50 controls otherwise representative of the overall cohort were used for 
determining the positive and negative predictive values of the phenotyping algorithm, 
which was standardized to the 50% prevalence of VTE in the validation set. Positive 
predictive value refers to the ratio of (true positives)/(true positives + false positives) and 
negative predictive value the ratio of (true negatives)/(true negatives + false negatives). 
In UK Biobank, individuals were defined as having VTE based on the definition by 
Klarin and colleagues as previously described34. All other individuals were defined as 
controls. 
 
Discovery and Replication Association Analysis 
In MVP, genotyped and imputed DNA sequence variants were tested for association with 
VTE through logistic regression adjusting for age, sex, and 5 principal components of 
ancestry assuming an additive model using the SNPTEST 
(mathgen.stats.ox.ac.uk/genetics_software/snptest/snptest.html) statistical software 
program. In our discovery analysis, we performed association analyses separately for 
each ancestral group (whites, blacks, and Hispanics) and then meta-analyzed using an 
inverse variance-weighted fixed effects method implemented in the METAL software 
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program35. We excluded variants with a high amount of heterogeneity (I2 statistic > 75%) 
across the three ancestries. 

 In UK Biobank, association testing was performed using a logistic regression 
model adjusted for age at baseline, sex, genotyping array, and the first 5 principal 
components of ancestry. All testing was performed in PLINK2 (https://www.cog-
genomics.org/plink/2.0/). 

We combined results across MVP and UK Biobank cohorts using inverse-
variance weighted fixed effects meta-analysis and set a significance threshold of P < 5 
x10-8 (genome-wide significance).  In addition, we also required a replication P < 0.01 in 
each of the MVP and UK Biobank analyses (e.g. MVP discovery and subsequent UK 
Biobank replication, and vice versa), with concordant direction of effect, to minimize 
false positive findings. Novel loci were defined as being greater than 500,000 base-pairs 
away from a known VTE genome-wide associated lead variant. Additionally, linkage 
disequilibrium information from the 1000 Genomes Project26 was used to determine 
independent variants where a locus extended beyond 500,000 base-pairs. All logistic 
regression P values were two-sided. 
 
Conditional Analysis 
We used the COJO-GCTA software to perform an approximate, stepwise conditional 
analysis to identify independent variants within VTE-associated loci. We used summary 
statistics from the European specific meta-analysis of UK Biobank and MVP datasets 
(23,151 VTE cases, 553,439 controls) to conduct this analysis combined with an LD-
matrix obtained from 20,000 unrelated European individuals randomly sampled from the 
UK Biobank release v3. We set a threshold P < 5 x10-8 (genome-wide significance) to 
declare statistical significance. 
 
PheWAS Disease Definitions, and Association Analysis 
Understanding the full spectrum of phenotypic consequences of a given DNA sequence 
variant may shed light on the mechanism by which a variant/gene leads to disease. For 30 
autosomal lead VTE risk variants and the PRSVTE identified in our study, we performed a 
PheWAS of 1,249 distinct diseases, symptoms, and injuries in MVP leveraging the full 
catalog of EHR ICD-9/10 diagnosis codes in 227,817 white veterans using the R package 
PheWAS36. We additionally included 4 continuous cardiometabolic traits - LDL 
cholesterol, HDL cholesterol, triglycerides, and body mass index - given their possible 
links with VTE causality34,37. In total, 1,249 disease phenotypes and 4 continuous traits 
were available for analysis and we set a statistical threshold of P < 1.2 x10-6 [0.05/(31 x 
(1,249 diseases + 4 continuous traits))]. Of 312,571 genotyped veterans passing quality 
control, we identified 23,172,451 distinct, prevalent ICD-9 diagnosis codes available for 
analysis. We focused on the largest ethnic group of 227,817 white participants, in which 
the mean age was 64.3 ± 13.1 years, and 93.3% (212,465) were male.   

ICD-9 diagnosis codes were collapsed to clinical disease groups and 
corresponding controls using the groupings proposed by Denny et al8. Diseases were 
required to have a prevalence of > 0.13% (~300 cases) to be included in the PheWAS 
analysis. 30 autosomal lead VTE risk DNA sequence variants and the PRSVTE were tested 
using logistic regression adjusting for age, sex, and five principal components under the 
assumption of additive effects using the PheWAS R package 



	  

	   8	  

(https://github.com/PheWAS/PheWAS) in R v3.2.0 (www.R-project.org). In total, 1,249 
disease phenotypes and 4 continuous traits were available for analysis and we set a 
statistical threshold of P < 1.1 x10-6 [0.05/(31 x (1,249 diseases + 4 continuous traits))]. 
For the lipid continuous traits (LDL cholesterol, HDL cholesterol, and triglycerides), 
maximal LDL cholesterol/triglycerides (after log transformation) and minimal HDL 
cholesterol were used after inverse normal transformation in MVP as previously 
described38. The body-mass index (BMI) phenotype was formulated in both UK Biobank 
and MVP and results were combined in an inverse-variance weighted fixed effects meta-
analysis. In UK Biobank, BMI was calculated in 374,942 unrelated individuals from the 
measurement acquired at enrollment. In MVP, BMI was calculated in 218,382 
participants from the mean height and mean weight over the 3 years prior to the 
enrollment date. Outliers were excluded if their mean measurement was < 17 or > 60 
kg/m2. In each case, the BMI phenotype was adjusted for age, age squared, and principal 
components of ancestry in a linear regression model. The resulting residuals were 
transformed to approximate normality using inverse normal scores separately by sex as 
previously described39. All logistic and linear regression P values were two-sided. 

Shared Heritability within PAD, CAD, and LAS 
To better understand the how common genetic variation influences risk for 
atherosclerosis in multiple vascular beds, we used linkage disequilibrium score 
regression3 to calculate the genetic correlation between VTE-PAD, VTE-CAD/VTE-MI 
and VTE-LAS. Summary statistics from the European UK Biobank VTE GWAS, 
European MVP PAD GWAS14, the CARDIoGRAMplusC4D CAD/MI GWAS15 
(predominantly European), and the transancestral LAS MEGASTROKE GWAS meta-
analysis (>2/3 European)16 were used for this analysis. Of note, we used the 
transancestral meta-analysis statistics from MEGASTROKE because the sample size of 
the European-ancestry only analysis lacked sufficient power for estimation of genetic 
correlation. We then queried association results for the 30 autosomal genome-wide lead 
VTE risk variants for PAD, CAD, and LAS in the MVP PAD14, 
CARDIoGRAMplusC4D15 CAD, and MEGASTROKE16 LAS GWAS analyses, 
respectively. 
 
VTE Variant-Plasma Protein Associations 
To identify loci that might influence plasma protein concentrations potentially implicated 
in thromboembolism, we used published protein quantitative trait locus (pQTL) data 
generated from an aptamer-based multiplex protein assay to quantify 3,622 plasma 
proteins in 3,301 healthy participants from the INTERVAL study2,17. We queried the 30 
autosomal VTE risk variants identified in our study for overlap with genome-wide 
significant (two-sided P < 5.0x10-8) variant-protein pairs.  
 
Fine-Mapping of VTE Association Signals 
For 29 non-MHC, autosomal, VTE association signals, we used the MR-MEGA18 
software and VTE summary statistics from the UK Biobank (European) and MVP 
(African, European, and Hispanic) analyses. We first defined a genomic region 1 mega-
base on either side of the VTE lead variant restricting to variants with MAF > 1%. Under 
the assumption of one causal variant at a given locus, we then used multi-dimensional 
scaling of the Euclidean distance matrix to generate axes of genetic variation to each set 
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of association statistics between ancestry groups as implemented in MR-MEGA. For each 
GWAS signal we applied the “meta-regression model,” including one axis of genetic 
variation as a covariate, to each variant passing quality control. From this model, we 
examined the VTE association for each variant and the heterogeneity in allelic effects 
that is correlated with ancestry. Subsequently, we derived a posterior probability (using 
the resultant Bayes’ factor) of VTE association and constructed a 99.99% credible set of 
variants driving each GWAS signal. 
 
Genetic Analysis of Incident VTE Events in WHI 
After assessing the associated VTE risk for F5 p.R506Q and F2 G20210A carriers as 
well as the 5% of individuals with the highest PRSVTE relative to the rest of the 
population in MVP, we sought replication of our findings using incident VTE data from 
the WHI. The design of the WHI-HT study has been described previously23. In brief, at 
the inception of the WHI study postmenopausal women between the ages of 50 and 79 
years were eligible for inclusion in multiple clinical trials. Data used in this analysis 
included incident VTE events from participants belonging to one of three GWAS sub-
studies: 1) the WHI Genomics and Randomized Trials Network (WHI-GARNET, 457 
incident VTE events among 4,233 participants), 2) the WHI Memory Study (WHIMS, 
180 incident VTE events among 5,637 participants), 3) the WHI Long Life Study (WHI-
LLS, 53 incident VTE events among 1,105 participants). 

The WHI-GARNET sub-study consisted of individuals selected as a nested case-
control sample of coronary heart disease, stroke, venous thrombosis, and incident 
diabetes events from the parent WHI Hormone Therapy Trial. From 27,347 women who 
participated in the Hormone Therapy Trial, 4,894 were genotyped on the Illumina Omni-
Quad as part of WHI GARNET and imputed using the 1000 Genomes reference panel26 
phase 3, version 5. VTE cases were identified that occurred during the active phase of the 
Hormone Trial and afterwards. Controls were participants in the Hormone Therapy Trial 
free of all 4 case conditions. Matching criteria for controls were age, race/ethnicity, 
hysterectomy status, and enrollment date. GARNET WHI participants were 
predominantly European (87%), and only European individuals were included in the 
analysis. In total, 457 VTE incident events were identified among 4,233 individuals after 
removing 21 observations due to missingness.  
 The WHIMS sub-study consisted of WHI Hormone Trial women of European 
ancestry from the following sources: 1) WHI Memory Study (WHIMS) participants40 
who were not in WHI-GARNET, 2) women from the WHI-HT at least 65 years old at 
enrollment who were neither in WHIMS nor GARNET, and 3) women from the WHI-HT 
younger than age 65 at enrollment who were neither in WHIMS nor GARNET. In total, 
180 incident VTE events were identified among 5,637 individuals after removing 50 
observations due to missingness. Participants were genotyped using the Illumina 
HumanOmniExpress platform and imputed using the 1000 Genomes reference panel26 
phase 3, version 5.  
 The WHI-LLS (GWAS) sub-study consisted of the phase III cohort of additional 
eligible women who were added to the LLS study after the decision was made to expand 
the study population in 2012. In total, 53 VTE incident events were identified among 
1,105 individuals after removing 13 observations due to missingness. Participants were 



	  

	   10	  

genotyped using the Illumina HumanOmniExpress platform and imputed using the 1000 
Genomes reference panel26 phase 3, version 5.  
 Cox proportional hazards models were used to estimate hazard ratios (HR) and 
95% confidence intervals for the associations of the F5 p.R506Q and F2 G20210A 
mutations with VTE adjusting for age, 10 principal components of ancestry, and hormone 
therapy intervention status during the active phase of the WHI-HT. We then tested the 
associated VTE risk for the 5% of individuals with the highest PRSVTE relative to the rest 
of the population using Cox proportional hazards models adjusting for age, 10 principal 
components of ancestry, and hormone therapy intervention status during the active phase 
of the WHI-HT. Results from WHIMS, WHI-LLS, and WHI-GARNET were combined 
using an inverse-variance weighted fixed effects meta-analysis. Bonferroni-corrected 2-
sided P values (P=0.016; 0.05/3) for 3 tests were used to declare statistical significance. 
Analyses were performed using the R software program (version 3.5.1; Vienna, Austria). 
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VA Million Veteran Program 
 

MVP Executive Committee  
-‐ Co-Chair: J. Michael Gaziano, M.D., M.P.H. 
-‐ Co-Chair: Rachel Ramoni, D.M.D., Sc.D. 
-‐ Jim Breeling, M.D. (ex-officio) 
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-‐ Philip S. Tsao, Ph.D. 
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-‐ Sumitra Muralidhar, Ph.D.  
-‐ Jennifer Moser, Ph.D. 

MVP Recruitment/Enrollment 
-‐ Recruitment/Enrollment Director/Deputy Director, Boston – Stacey B. Whitbourne, 

Ph.D.; Jessica V. Brewer, M.P.H. 
-‐ MVP Coordinating Centers 

o Clinical Epidemiology Research Center (CERC), West Haven – John 
Concato, M.D., M.P.H. 

o Cooperative Studies Program Clinical Research Pharmacy Coordinating 
Center, Albuquerque - Stuart Warren, J.D., Pharm D.; Dean P. Argyres, M.S. 

o Genomics Coordinating Center, Palo Alto – Philip S. Tsao, Ph.D. 
o Massachusetts Veterans Epidemiology Research Information Center 

(MAVERIC), Boston - J. Michael Gaziano, M.D., M.P.H. 
o MVP Information Center, Canandaigua – Brady Stephens, M.S. 

-‐ Core Biorepository, Boston – Mary T. Brophy M.D., M.P.H.; Donald E. Humphries, 
Ph.D. 

-‐ MVP Informatics, Boston – Nhan Do, M.D.; Shahpoor Shayan 
-‐ Data Operations/Analytics, Boston – Xuan-Mai T. Nguyen, Ph.D.  

MVP Science 
-‐ Genomics - Christopher J. O’Donnell, M.D., M.P.H.; Saiju Pyarajan Ph.D.; Philip S. 

Tsao, Ph.D. 
-‐ Phenomics - Kelly Cho, M.P.H, Ph.D. 
-‐ Data and Computational Sciences – Saiju Pyarajan, Ph.D. 
-‐ Statistical Genetics – Elizabeth Hauser, Ph.D.; Yan Sun, Ph.D.; Hongyu Zhao, Ph.D. 

MVP Local Site Investigators 
-‐ Atlanta VA Medical Center (Peter Wilson)  

1670 Clairmont Rd, Decatur, GA 30033 
-‐ Bay Pines VA Healthcare System (Rachel McArdle) 



	  

	   15	  

10,000 Bay Pines Blvd Bay Pines FL 33744   
-‐ Birmingham VA Medical Center (Louis Dellitalia)  

700 S. 19th Street Birmingham AL 35233 
-‐ Cincinnati VA Medical Center (John Harley)  

3200 Vine Street, Cincinnati, OH 45220 
-‐ Clement J. Zablocki VA Medical Center (Jeffrey Whittle)  

5000 West National Avenue, Milwaukee, WI 53295 
-‐ Durham VA Medical Center (Jean Beckham)  

508 Fulton Street   Durham, NC 27705 
-‐ Edith Nourse Rogers Memorial Veterans Hospital (John Wells)  

200 Springs Road, Bedford, MA 01730 
-‐ Edward Hines, Jr. VA Medical Center (Salvador Gutierrez)  

5000 South 5th Avenue, Hines, IL 60141 
-‐ Fayetteville VA Medical Center (Gretchen Gibson)  

1100 N College Ave, Fayetteville, AR 72703 
-‐ VA Health Care Upstate New York (Laurence Kaminsky)  

113 Holland Avenue Albany NY 12208 
-‐ New Mexico VA Health Care System (Gerardo Villareal)  

1501 San Pedro Drive, S.E.Albuquerque, NM 87108 
-‐ VA Boston Healthcare System (Scott Kinlay)  

150 S. Huntington Avenue, Boston, MA 02130 
-‐ VA Western New York Healthcare System (Junzhe Xu)  

3495 Bailey Avenue   Buffalo, NY 14215-1199 
-‐ Ralph H. Johnson VA Medical Center (Mark Hamner)  

109 Bee Street, Mental Health Research, Charleston, SC 29401 
-‐ Wm. Jennings Bryan Dorn VA Medical Center (Kathlyn Sue Haddock) 

6439 Garners Ferry Road, Columbia, SC 29209 
-‐ VA North Texas Health Care System (Sujata Bhushan)  

4500 S. LANCASTER ROAD, DALLAS, TX 75216 
-‐ Hampton VA Medical Center (Pran Iruvanti)  

100 Emancipation Drive, Hampton, VA 23667 
-‐ Hunter Holmes McGuire VA Medical Center (Michael Godschalk)  

1201 Broad Rock Blvd., Richmond, VA 23249 
-‐ Iowa City VA Health Care System (Zuhair Ballas) 

601 Highway 6 West, Iowa City, IA 52246-2208 
 

-‐ Jack C. Montgomery VA Medical Center (Malcolm Buford)  
1011 Honor Heights Dr., Muskogee, OK 74401 

-‐ James A. Haley Veterans’ Hospital (Stephen Mastorides)  
13000 Bruce B. Downs Blvd., Tampa, FL 33612 

-‐ Louisville VA Medical Center (Jon Klein)  
800 Zorn Avenue, Louisville, KY 40206 

-‐ Manchester VA Medical Center (Nora Ratcliffe)  
718 Smyth Road, Manchester, NH 03104 

-‐ Miami VA Health Care System (Hermes Florez)  
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1201 NW 16th Street, 11 GRC, Miami FL 33125 
-‐ Michael E. DeBakey VA Medical Center (Alan Swann)  

2002 Holcombe Blvd. Houston TX 77030 
-‐ Minneapolis VA Health Care System (Maureen Murdoch)  

One Veterans Drive Minneapolis MN 55417 
-‐ N. FL/S. GA Veterans Health System (Peruvemba Sriram)  

1601 SW Archer Road, Gainesville, FL 32608 
-‐ Northport VA Medical Center (Shing Shing Yeh)  

79 Middleville Road, Northport, NY 11768 
-‐ Overton Brooks VA Medical Center (Ronald Washburn)  

510 East Stoner Ave, Shreveport, LA 71101 
-‐ Philadelphia VA Medical Center (Darshana Jhala)  

3900 Woodland Avenue, Philadelphia, PA 19104 
-‐ Phoenix VA Health Care System (Samuel Aguayo)  

650 E. Indian School Road, Phoenix, AZ 85012 
-‐ Portland VA Medical Center (David Cohen)  

3710 SW U.S. Veterans Hospital Road, Portland, OR 97239 
-‐ Providence VA Medical Center (Satish Sharma)  

830 Chalkstone Avenue, Providence, RI 02908 
-‐ Richard Roudebush VA Medical Center (John Callaghan)  

1481 West 10th Street, Indianapolis, IN 46202 
-‐ Salem VA Medical Center (Kris Ann Oursler) 

1970 Roanoke Blvd.,Salem, VA 24153 
-‐ San Francisco VA Health Care System (Mary Whooley)  

4150 Clement Street, San Francisco, CA 94121 
-‐ South Texas Veterans Health Care System (Sunil Ahuja)  

7400 Merton Minter Boulevard, San Antonio, TX 78229 
-‐ Southeast Louisiana Veterans Health Care System (Amparo Gutierrez)  

2400 Canal Street, New Orleans, LA 70119 
-‐ Southern Arizona VA Health Care System (Ronald Schifman)  

3601 S 6th Ave, Tucson, AZ 85723 
-‐ Sioux Falls VA Health Care System (Jennifer Greco)  

2501 W 22nd St, Sioux Falls, SD 57105 
-‐ St. Louis VA Health Care System (Michael Rauchman)  

915 North Grand Blvd., St. Louis, MO 63106 
-‐ Syracuse VA Medical Center (Richard Servatius)  

800 Irving Avenue, Syracuse, NY 13210 
-‐ VA Eastern Kansas Health Care System (Mary Oehlert)  

4101 S 4th Street Trafficway, Leavenworth, KS 66048 
-‐ VA Greater Los Angeles Health Care System (Agnes Wallbom)  

11301 Wilshire Blvd Los Angeles, CA 90073 
-‐ VA Loma Linda Healthcare System (Ronald Fernando)  

11201 Benton Street, Loma Linda, CA 92357 
-‐ VA Long Beach Healthcare System (Timothy Morgan)  

5901 East 7th Street   Long Beach CA 90822 
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-‐ VA Maine Healthcare System (Todd Stapley)  
1 VA Center, Augusta, ME 04330 

-‐ VA New York Harbor Healthcare System (Scott Sherman)  
423 East 23rd Street   New York, NY 10010 

-‐ VA Pacific Islands Health Care System (Gwenevere Anderson)  
459 Patterson Rd, Honolulu, HI 96819 

-‐ VA Palo Alto Health Care System (Philip Tsao)  
3801 Miranda Avenue   Palo Alto, CA 94304-1290 

-‐ VA Pittsburgh Health Care System (Elif Sonel)  
University Drive, Pittsburgh, PA 15240 

-‐ VA Puget Sound Health Care System (Edward Boyko)  
1660 S. Columbian Way Seattle, WA 98108-1597 

-‐ VA Salt Lake City Health Care System (Laurence Meyer)  
500 Foothill Drive Salt Lake City, UT 84148 

-‐ VA San Diego Healthcare System (Samir Gupta)  
3350 La Jolla Village Drive, San Diego, CA 92161 

-‐ VA Southern Nevada Healthcare System (Joseph Fayad)  
6900 North Pecos Road, North Las Vegas, NV 89086 

-‐ VA Tennessee Valley Healthcare System (Adriana Hung)  
1310 24th Ave. South Nashville, TN 37212 

-‐ Washington DC VA Medical Center (Jack Lichy)  
50 Irving St, Washington, D. C. 20422 

-‐ W.G. (Bill) Hefner VA Medical Center (Robin Hurley) 
1601 Brenner Ave, Salisbury, NC 28144 

-‐ White River Junction VA Medical Center (Brooks Robey)  
163 Veterans Drive, White River Junction, VT 05009 

-‐ William S. Middleton Memorial Veterans Hospital (Robert Striker)  
2500 Overlook Terrace, Madison, WI 53705 
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